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EXECUTIVE SUMMARY

This report develops revised investment criteria for the Airport
Surveillance Radar, Air Traffic Control Radar Beacon System, and

Order 7031.28, Airway Planning Standarg Number One. Airway Planning
gtandard Number One contains the policy and Summarizes the criteria used

discontinuance and improvements of air navigation facilities and air
traffic control services. The investment Criteria addressed in this
report include asr establishment, asg discontinuance, improvements,
remoted radar bright display Scope, establishment of terminal radar
approach control in tower cab (TRACAB), establishment of terminal radar

report are based on a rigorous computerized benefit/cost analysis. The
other supplemental criteria, however, are not readily adaptable to
benefit/cost analyses for System-wide application because benefits and
costs may vary significantly from case to case. In lieu of detailed
benefit/cost analyses for these Supplemental Criteria, activity levels
are identified at which marginal benefits are expected to exceed costs.

delays to aircraft Operating under instrument flight rule (IFR)
conditions made possible by reducing Separations below thoge reqaired by
manual procedures ang reduced risks of midair and terrain collisions in
the terminal area through the application of radar Separation services.

revised methodology extends credit for radar services provided to all
user classes, The Previous criteria focused more on the air carrier user
class, Additionally, the revised benefits methodology introduces the
"area concept" of Providing qualified radar service to multiple airport
sites having a common neeg for radar surveillance. Under this concept,
qualified radar service provided to Secondary or satellite airports is
taken into account in quantifying total benefits, Additionally, the
revised benefits methodology is more Site-specific. 1In the Previous
criteria, benefits were based only on the aviation activity for the first
Year of the ASR's Operation and costs were annualized. Changes in
aviation activity growth were not represented in the benefits
calculation. The revised benefits methodology uses official aviation

year of an ASR's estimated 15-year economic life and discounting the
benefits for each Year to their present value. These are summed to
represent the present value life-cycle benefits, Capital costs and




value life-cycle basis. Lastly, the revised benefits methodology
incorporates updated critical value elements, including the value of time
of aircraft passengers/occupants, the value of a statistical life, the
cost of a statistical serious injury, aircraft replacement and
restoration costs and aircraft variable operating costs.

The revised ASR criteria, in relation to the previous ASR criteria,
identify more establishment candidates and fewer discontinuance
candidates. Based on projections through FY 1987, 19 FAA approach
control towers presently without ASR equipment or service will meet the
revised establishment criteria, while 13 meet the previous establishment
criteria. Two existing ASR installations meet the revised discontinuance
criteria, while 5 meet the previous discontinuance criteria. It is
impossible to assess the actual budget impact of the revised criteria on
agency resources for several reasons. First, meeting candidacy levels
does not by itself entail automatic qualification. Benefit/cost
screening is but one of several inputs to the FAA decisionmaking process
relative to investment in ASR facilities. Investment decisions are made
on the basis of all pertinent factors. Second, neighboring airports
having a common need for radar surveillance may collectively qualify for
an ASR under the "area concept."” Qualifying sites in the category will
be determined on a case by case basis by the Air Traffic Service. Aand
third, actual costs vary from site to site. Estimated site-specific
costs will be applied in actual application of the criteria.

ii




SECTION I - INTRODUCTION

establishment, discontinuance and improvements of air navigation
facilitieg and air traffic control services. The investment criteria
addressed in thig report include ASR establishment, Asgr discontinuance,

itself, is a primary surveillance radar which provides aircraft target
information on air traffic controllers! display Scopes. The ATCRBS is a
cooperative secondary radar system which facilitates the identification

a ninicomputer»based system that facilitates the display of alphanumeric
identification data on controllers:! display Scopes. For convenience and
simplicity, the ASR/ATCRBS /ARTS system will be referred to simply as

The ASR establishment ang discontinuance Criteria are derived from a
rigoroug life~cycle benefit/cost analysis, Benefit/cost analysis, as
applied to Faap facilities, equipment and services, is a quantitative
evaluation ip which the life-cycle capital, operating ang maintenance
costs of a facility or service are compared with the dollar value of the
life-cycle benefits that are expected from that facility or service.
Intuitively, benefit/cost ratios of one or more are good investments,
while those of less than one are Poor investments. Since the capital
costs of an ASR system are sunk, the only relevant costs for an aggr

benefit/cost analyses for system-wide application becauge benefits and
Costs may vary significantly from case to case. In lieu of detailed

relationships between benefits ang costs., Meeting candidacy levels will
not mean "automatic qualification. Benefit/cost Screening will be byt one
of several inputs to the FAp decisionmaking process relative to
investment ip ASR facilities, It will in no way affect the
résponsibilities of the operating services for the validation of
candidates,




SECTION II - REVISED ASR INVESTMENT CRITERIA

This section summarizes the ASR investment criteria addressed in this
report. The previous ASR investment criteria are reproduced in

Appendix A. As discussed in Section I, the ASR establisiment and
discontinuance criteria are derived from a rigorous benefit/cost
analysis, while the suppl emental criteria for improvements, remoted radar
bright display scope, TRACAB establishment, TRACON establishment, and
TRACAB to TRACON conversion are based on activity levels at or above
which marginal benefits are expected to exceed marginal costs. The
previous criteria for TRACAB establishment, TRACHN establishment and
TRACAB to TRAMN oonversion remain wchanged.,

Meeting candidacy levels will not mean autamatic qualification.
Benefit/cost screening will be but one of several inputs to the FAA
decisiommaking process relative to investment in ASR facilities.
Investment decisions will be made on the basis of all pertinent factors.
These criteria will in no way affect the responsibilities of the
operating services far the validation of candidates.

A. ASR Establishment
l. Fhase I

ASR establismment criteria for FAA approach control towers are

two-phased. Phase I is a set of simple generalized criteria designed to
initially identify potential candidates. Under Phase I an airport ratio
value is computed by summing the relative contributory benefits of ASR.
1f the airport ratio value obtained is equal to or greater than 1.0, the
location satisfies the Phase I criteria for ASR/ATCRBS /ARTS establisiment.

1f radar coverage will be provided at or below initial approach altitude
at secondary or satellite airports, an area ratio value is canputed by
sunming the airport ratio values of the airports making up the radar
service area. The Air praffic Service will determine eligible locations
wmnder the area concept on a case-by~case basis. ASR coverage
encanpassing two or more airports may dictate changes in the oper ational
responsibilities within the radar service area. prudent management of
resources may require that radar service ultimately be provided from that
location, regardless of its current facility status, which can best serve
the area.

The computation procedure and nomenclature for- Phase I establishment
criteria are outlined on the following pages.




Contributin Benefit Ratio Value

Delay Reductions

ACPRIM = XXXX
3,400 - (,0013 x PRIM) *
ATPRIM o = XXXX
26'000 - (00096 X P .4) *
GAPRIM = XXxx
53,300 - (.019¢ X PRIM) *
MLPRIM = XXXX
8,600 - (,0032 X PRIM) *
Safety:
ACITN = XXXX
107, 400
ATITN = XXXX
539,600
GAITN + GALCL = XXXX
847,200
MLITN + MLLCL = XXXX
376,200
Sum of Ratio Values If 1or greater, locatior

satisfies Phase I criteri:

*If the denomi nator for any user class results in a value equal to or
less than 2ero, disregard all denominators ang use all of the following
instead. Por the air carrjer user class: 9,300 - (.0034 x PRIM); for
the air taxi user class: 71,200 - (.0262 x PRIM): for the general
aviation user class: 146,000 - (-0538 x PRIM); and for the military user
class: 23,400 - (.0086 x PRIM).

ACPRIM, ATPRIM, GAPRIM ang MIPRIM, for a primary airport, are the numbers
of annual grimarz instrument operations of the air carrier (FAR 121, 127
and 129), air taxi (FAR 135) » general aviation (FAR 91) and military

(FAR 91) user classes, respectively. For a qualifieqd Secondary airport,
these terms are the numbers of annual primary instrument Operations of
the Secondary airport by user class, or the respective numbers of
secondary instrument Operations by user class of the Primary airport




PRIM, far a primary airport, is the number of total annual primary
instrument operations (i.e., the sum of ACPRIM, ATPRIM, GAPRIM and
MLPRIM). PRIM, fa a qualified secondary airport, is the number of total
annual primary instrument operations of the secondary airport, OF the
number of total annual secondary instrument operations of the primary
airport associ ated with or allocable to the secondary airport, whichever
is greater.

ACITN, ATITN, GRITN and MLITN are the numbers of annual itinerant
operations of the air carrier, air taxi, general aviation and military
user classes, respectively.

GALCL and MLLCL are the numbers of annual iocal operations of the general
aviation and military user classes, respectively.

2. Fhase II

phase 1I is a site-specific conputeri zed penef it/oost screening process
wnder which candidates ijdentified under Phase 1 are further evaluated.
1f an airport beriefit/cost ratio or on area benefit/cost ratio of 1.0 or
greater is canputed, the location satisfies the p ase 11 criteria for
ASR/ATCRBS /ARTS establistment. The ASR subroutin< , integrated into the
Terminal Area Forecast Data System, requires the . »llowing manual input
data:

1. BSystem acquisition and installation costs (FA Form 2500-40, F&E Cost
Estimate Summary).

2. percent of time that IFR weather prevails at + ne proposed location,
if available. For the purpose at hand, IFR w ather is defined as
weather in which visibility is less than 3 miies and/or the ceiling
below 1,500 feet.

3. Fraction of the air carrier user class repres:ated by each of the
following aircraft type categories:

Turbofan, 4-engine, wide body
Tubojet, 4-engine

purbofan, 4-engine, regular body
Turbofan, 3~engine, wide body
Turbof an, 3-engine, regular body
Tw bofan, 2-engine, wide body
Turbof an, 2-engine, regular body
Tur boprop

Piston

If this data is mot available from local sources, the official
Airline Guide, or the Terminal Area Forecast pata System, national
averages will be used as default values in the Phase I1 screening
process.




4. Fraction of secondary :nstrument operations of each user class (air
carrier, air taxi, genoral aviation, and military) of the primary
airport allocable to each secondary or satellite airport. NOTE:
This data is requireq only for those secondary or satellite airports
that are proviged "qualified" radar coverage by the proposed
candidate airport at or below initial approach altitude.

B. ASR Discontinuance
Like ASR establishment criteria, ASR discontinuance criteria are
two~phased. To determine whether an ASR facility meets the Phase I
discontinuance criteria, a ratio value is calculated by the same
sum~of-ratios approach described above for Phase I establishment

since they are sunk costs. Locations satisfying Phase I discontinuance
criteria will be further screened under the Phase II benefit/cost
Screening process. If the benefit/cost ratio so obtained is less than
0.35, the asr installation may be considered for discontinuance.

C. Im rovements

Existing FAA approach control facilities equipped with ASR systems
frequently require improvements (e.g., ARTS impl ementation, relocation of
facilities to orrect siting problems, Component replacement, etc.).

Such improvements are normally made when the Operational benefits
expected to be realized exceed the costs involved.

l. An FAA radar approach control facility recording 25,000 or more

satisfy an operational requirement and/or facilitate the provision of
terminal area radar service. A benefit/cost study may be required
for "major" improvements to terminal radar facilities in thisg
category.

2. An FAA radar approach control facility recording between 15,000 and
25,000 annual instrument operations may be a candidate for
improvements. Tt qualifies for those improvements that satisfy an
operational requirement and/or facilitate the provision of terminal
area radar service. A benefit/cost study may be required for "major"
improvements to terminal radar facilities in this category.




3. An FAA radar &pproach control facility recording less than 15,000
annual instrunent operations is not a candidate for improvements. At
that a-tivity lLevel, the additional cost per operation resulting from
the improvemer‘* is not commensurate with the benefit derived. Any
improvement t¢ varminal radar facilities in this category will be
1imited %o the rorrection of a critical situation and shall be
justified by &~ individual staff study.

NOTE : Improvemer - to FAA-staffed RAPCON's/RATCF's may be considered on
an individual basi but the above criteria shall remsin a m jor
determinant in cor s:1dering FAA civil facilities for Iaprove 2unt.

D. Remoted Radar Bright Display Scope

An FAA VFR control tower at an airport, which is a satellite of the
primacy airport of » radar approach control facility, iz a candidate for
a remoted radar di:;iay scope in the tower cab when:

1. At least 30,000 annual itinerant operations are recorded; and

2. Operationally adequate low altitude coverage is assured at the
satellite airporc.

E. Terminal Radar Approach Control in Tower Cab (TRACAB) and Terminal
Radar Approach Control (TRACON) .

1. Establishment. An initial ASR/ATCRBS/ARTS installation shall be a
TRACAB facility consisting of appropriate displays placed in the
tower cab except when any of the following situations prevail:

a. If the official agency forecasts indicate an ASR/ATCRBS/ARTS
candidate location will exceed 125,000 annual itinerant
operations or 60,000 annual instrument operations within 2 years
of the year of budget submission for the facility, the initial
installation should be planned as a PRACON rather than a TRACAB,
subject to an operational determination by the Air Traffic
Service. Instrument operations at secondary airports may be
included in this forecast provided radar coverage at these
locations is expected to exist at or below initial approach
altitude.

b. 1f an ASR/ATCRBS/AKRTS candidate location cannot physically
accommodate radar approach control in the tower cab, then
individual justification shall be required to go directly to a
TRACN facility.

c. When the complexity of the facility operation warrants,
individual justification and consideration shall be given to
locating the ASR/ATCRBS/ARTS in a TRACON rather than a TRACAB.




Discontinuance. A TRACAB will be discontinued wien the ASR system is
-____-—_'_‘N .
decommissioned or when the radar approach contrc function is
transferred to a TRACDN,

Conversion to TRACON. A TRACAB location is a8 TR (0N candidate when
the facility has at least 125,000 annual itinerart operations or
60,000 annual instrument Ooperations, Instrument Operations at
Secondary airports that receive radar service at or below initial
approach altitude may be included in this count. Also, when the




SECTION III - ASR COSTS

ASR costs and their life-cycle counterjarts are shown in Figure 1 for an
ASR installation configured as a TRACAE and in Figure 2 for an ASR
installation configured as a TRACON. The total cost of an ASR system
consists of facilities and equipment costs plus operations and
maintenance costs. Facilities and equipment costs congist of equipment,
installation and commissioning flight check costs. Operations and
maintenance costs consist of such annual recurring costs as air traffic
staffing, support (airway facilities staffing, spares, training, etc.)
and utilities. It may be noted that while the average installed system
acquisition cost of the solid-state ASR-9 is higher than that of the
earlier vacuum-tube ASR models, the operations and maintenance costs are
significantly lower. Life~cycle costs are calculated by discounting
total operations and maintenance costs over the assumed 15-year economic
1ife of an ASR system to their present value and adding them to
facilities and equipment costs, which are assumed o occur at the
beginning of the installation year. An A3R'S econ mic life, as opposed
to its physical life, provides a wore relevant mea. e of its useful
service life. A fifteen year economic 1ife is coneistent with published
guidelines on transpor tation-related capital stocks (e:9g.,

Reference 30). Even if a longer 1if> was assumed, the impact would be
nominal, because the costs and benefits in the out vears are heavily
discounted.

The facilities and equipment costs in Figures 1 am 2 include no
allowances for remoted radar bright display instal ations or

" leap~-frogging” (i.e., the practice of replacing ar already existing
older generation ASR with a state-of-the-art ASR ai 1 relocating the older
generation ASR to a newly qualifying gite). When cither or both of these
actions are contemplated, appropriate adjustments : hould be made to
facilities and equipment costs.

Once an ASR is established, the terminal air traff-c control facility is
organized as either a TRACAB (where the radar cont. ol area is located in
the air traffic control tower with the usual cab p sitions) or a TRACON
(which entails a separate IFR control room). Earl: difficulties were
experienced with the utilization of the radar disp. ay scope in the tower
cab due to the high ambient light level and space . cngestion. With
existing improvements in BRITE display performance and tower cab layout,
current opinion suggests that the TRACAB concept is feasible at some
maximum level of hourly operations. Thus, the impact of adding a
separate TRACON or IFR room is simply to relieve any congestion in the
tower cab that might exist.

The addition of an IFR control room to a TRACAB increases costs in two
ways. First, an extra £light data position (located in the TRACON) is
generally required because of the coordination problem created by the
physical separation of the controllers. Second, the additional
construction and remoting costs of the IFR room must be added. The
manpower cost is relatively constant, but the construction and remoting
costs of the IFR control room are highly site-dependent. In some cases,
existing structures might pe used and/or space may be available close to
the tower. In others, new construction may be required, possibly at some




distance from the tower. Thus, a TRACAB is more economical and

Preferable if it is operationally feagible, TRACAB/TRACON criteria are
outlined in Paragraph E of Section II.

The decision to organize as a TRACAB or TRACON rests on current and
pProjected traffic activity, and whether the less costly, but capacity
limited, TRACAB configuration is adequate. The criteria developed in
this report Presume the establishment of the TRACAB configuration unless
one or more of the criteria for establishing a TRACON (as outlined in
paragraph E of Section II) are satisfied.

The assumed initjal staffing level of five controllers per ASR facility
is based on the Air Traffic Staffing Standards System (Reference 3).

determining staffing levels necessary to provide safe separation and
efficient flow of traffic. It is important to note that the ass-mption
is not that there would be five air traffic control specialists .ssembled
around the radar displays in the tower cab. The Standard provid:s that a
minimum of three controllers is needed to Operate the radai1 over a
two-shift operating day. To allow for seven-day staffing and troining, a
standard factor of 1.6 ig applied. Three times 1.6 vields 4.8, showing
that five additional contrcllers must be employed to initially staff the
least elaborate terminal radar configuration in the system.

Current FAA policy establishes Expanded Radar Service (ERS) at each new




FIGURE 1

Typical Life-Cycle ASR/ATCRBS/ARTS Costs - TRACAB Configuration (ASR-9)

10% 15-Year
Cost Discount piscounted
(1980 $) Factor Costs
Facilities and Equipment:
System acquisition cost (installed)l/ $6,200,000 1.000 $6,200,000
Operations and Maintenance:
Air Traffic staffing $ 288,608
(8 additional controllers @ $36,0762/)
Support (Airway Facilities staffing, 54,600
spares, training, etc.)
gtilities 4,700
Total O&M $ 347,908 7.9763/ 2,774,914
Total Discounted Life-Cycle Cost $8,974,914
or
$8,970,000

1/poes not include costs for remoted radar bright display installations and
leap-frogging (see text) .

2/gs~12/5 salary of $27,995 over 9 months and $30,543 over 3 months equates
to a weighted 1980 salary of $28,632. Tnflating this salary level by a fringe

benefits overhead factor of 1.26 (per Reference 4) yields $36,076 per
controller in 1980 dollars.

3/Puture year costs are discounted to their present values using mid-year

rather than end-of-year discount factors ( 2:(1/(1.1)Y-0-5))n for y =
1 to 15).

Sources: AAF-356 and Reference 3.

10




FIGURE 2

Typical Life-Cycle ASR/ATCRBS/ARTS Costs - TRACON Configuration (ASR-9)1/

108 15-Year
Cost Discount Discounted
(1980 $) Factor Costs
Total Discounted Life-Cycle
Cost of TRACAB (from Figure 1) $8,970,000
Incremental Costs of TRACON:
Additional flight data
positions (2 @ $36,0762/) $ 72,152 7.9764/ 575,484
Building of IFR room3/ $180,000 1.000 180,000
Equipment relocation and $ 19,000 1.000 19,000
cabling
Additional support & utilities $ 2,000 7.9764/ 15,952
Total Discounted Life-Cycle Cost $9,760,436
or
$9,760,000

Yas explained in the text, actual costs may vary considerably from site to site.
Site-specific costs should be used in actual practice. As with the TRACAB cost
estimates in Figure 1, no allowances have been made here for remoted radar bright
display installations and leap-frogging (see text).

Z/See'Footnote 2 of Pigure 1,

3/New building:
Construction of a minimum $300,000
3,000 sq. ft. base building
@ $100 per sq. ft.
Site preparation of existing

leased space for TRACON 30,000
Total $330,000
x Assumed incidence rate of 50% x.50 $165,000

Modification of existing facilities:

$30,000 x assumed incidence rate of 50% $ 15,000
Expected cost . ) $180,000

4/ruture year costs are discounted to their present values using mid-year rather than
end-of-year discount factors ( 3 (1/(1.1)¥0.5)), for y = 1 to 15).
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SECTION IV - METHODOLOGY FOR ESTIMATING ASR BENEFITS

A. Introduction

An ASR approach control facility, as opposed to 3 manual approach control
facility, can provide benefits through two primary sources: reduced
delays to aircraft operating under instrument flight rule (IFR)
conditions made possible by reducing scparations below those required by
manual procedures; and reduced risks of midair and terrain collisions in
the terminal area through the application of radar separation services.
Secondary benefits provided by an ASR include visual flight rule (VFR)
radar advisory service, radar flight assists and convenience. This
section details the methodology used to quantify these benefits. Before
addressing the benefits in detail, however, the more significant

differences in benefit methodology are highlighted between the previous
and revised criteria.

First, unlike the previous benefits methodoloyy, the revised Phase I
methodclogy extends credit for radar services provided to all user
classes, rather than focusing on the air carrier user class.

Second, in response to many suggestions that ASR establishment criteria
be modified to allow credit for radar coverage provided to secondary or
satellite airports, this report introduces the "area concept" of
providing qualified radar service to multiple airport sites having a
common need for radar surveillance. Under this concept, benefits will be
ascribed and computed for the secondary airport(s) as well as the primary
airport when the airport traffic areas are in a proximity which causes
constant overlap of arrival and depar ture routes. The activity of
secondary airports may be included if the siting of the ASR can be
expected to provide coverage at or below initial approach altitude at the
Secondary airport(s). The Air Traffic Service will determine eligible
locations in this category.

The methodology employed in determining total benefits of multiple
airport sites having a common need for an ASR system is as follows.
Because both delay reduction and safety benefits outlined in this report
are non-linearly related to activity, each of the airports in the
potential radar service area will be addressed independently, i.e., a
benefit/cost ratio will be computed for each airport making up the radar
service area. An area ratio will be computed by summing the respective
airport ratios. ASR coverage encompassing two or more airports may
dictate changes in the operational responsibilities within the radar
service area. Prudent management of resources may require that radar
service ultimately be provided from that location, regardless of its
current facility status, which can best serve the area.

Third, the revised benefits methodology is more site-specific. 1In the
previous criteria, benefi*s were based only on the aviation activity for
the first year of the ASR's operation and costs were annualized. Changes
in aviation activity growth were not represented in the benefits .
calculation. The revised benefits methodology uses official aviation
activity forecasts by quantifying the benefits independently for each
year of an ASR's estimated 15-year economic life and discounting the
benefits for each vear to their present value. These are summed to
represent the present value life-cycle benefits. An ASR's economic life,

12




aS opposed to its physical life, provides a4 more relevant me .s3ure of its
useful service 1life, A fifteen year economic life ig consistent with
Publisheqd guidelines on transportation~related capital stocks (e.qg.,
Reference 5). Even if, a longer 1ife were assumed, the impact would be
nominal, because the benefits and costs in the out years are heavily
discounted.

passengers/occupants, the value of a statistical life, the cost of a
statistical serious injury, aircraft replacement and restoration costs
and aircraft variable operating costs,

B. IFR Delay Reduction Benefits

The establishment of an ASR at an approach control tower Pr ides
controllers with a visual representation of their traffic. t permits
the use of reduced Separation standards during IFR condit or gng

A National Bureau of Standards report, a Concegt for New Establishment
Criteria for Airport Surveillance Radar (Reference 6), prepared under an
interagency agreement with the FAA, derived radar-preventable delays for

various traffic mixes and levels of operation. When used ip conjunction
with unit delay costs, IFR delay reduction benefits attributable to an

obtain estimateg of delay with ang without ASR available. Since delay
reduction benefitsg of ASR are realized Principally under IFR conditions,

ASR various manual procedures would result in average spacings of 7.5,

Two user classes, whose pertinent flight characteristics are given below,
were used in the simulation runs. The flight characteristics of the
general aviation user class are also attributed to the air taxi ang
military uger classes in this report.

Flight Characteristics

Speed (Knots) - Runway Occupancy (Seconds)

User Class Landing Liftoff Landing Takeoff
General Aviation (Ga) 90 90 35 25
Air Carrier (AC) 125 120 34 32

13




Four mixes of these user classes were run: 10 percent GA - 90 rercent
AC; 20 percent GA - 80 percent AC; 40 percent GA - 60 percent AC; and 80
percent GA - 20 percent AC. Five traffic activity levels were simulated:
10, 15, 20, 25, and 30 operations per nhour. The distributions of the
number of arriving aircraft was assumed to be Poisson. In each case, it

was assumed that half of the operations are landings and half are
takeoffs.

Delay was calculated for each aircraft, takeoff and landing, as the
difference of the flight time actually required from that which would
have occurred nad no other aircraft been present. The calculations of
the delays in landings plus the delays in takeoffs are shown in Figure 3.
The values listed in Figure 3 are the average of the results obtained
from 20 simulation runs utilizing different strings of random numbers for
generating the arrivals. They represent total delay per hour of airport
operation of aircraft landing and taking off for each of the 4 mixes of
aircraft for airports operating in 4 different approach environments;
i.e., 3, 7.5, 10, and 15 nautical mile separation of aircraft.

The ultimate capacities listed in Figure 3 were calculated as shown in

the following example. At the 10 nautical mile separation, the average
time between the touchdown of one aircraft and the touchdown of a
following general aviation aircraft is:

10 nautical miles = 0.11 hour
90 knots

and the average time between the touchdown of one aircraft and the

touchdown of a following air carrier aircraft is:

10 nautical miles = 0.08 hour
125 knots

At the 80 percent AC traffic mix, the probability of the landing aircraft

being AC is 0.80, and the probability of the landing aircraft being GA is
0.20.

Therefore, the average time required per landing aircraft is:
(.08 x .80) + (.11 x .20) = 0.086 hour

which yields an average rate of 11.6 landing aircraft per hour with no
takeoffs. 1In this example, i.e., 10 nautical mile separation, the
separation between landing aircraft is great enough to permit takeoffs
without affecting the sequence of landings. Therefore, since half of the
operations are landings and half takeoffs, the total potential operations
per hour is 23 under the conditions stated. Since these conditions can
be considered as "ideal" relative to the actual conditions under which an
airport operates, the capacities computed in this manner are considered
"ultimate.” A slower aircraft landing ahead of a faster aircraft will
generate a delay. This factor becomes evident when the plots of the
total delay for a 60 percent AC mix are compared with higher and lower
percentages of AC aircraft, as illustrated in Figure 4.
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FIGURE 3

Total Minutes of Aircraft Delay Per Hour of Airport OEeration
for Varying Numbers of Oggrations Per Hour

Operations
per Hour 90% A/C 808 A/C 608 A/C 208 A/C
3 Nautical Mile Separation
10 8.7 10.6 11.6 18.8
15 15.7 22.3 31.6 34.1
20 32.5 41.5 52.7 54.4
25 56.7 68.1 79.0 86.2
30 83.8 95.1 102.8 111.8
7.5 Nautical Mile Separation
10 14.7 16,9 21.2 29.9
15 30.0 39.8 49.1 68.2
20 8l1.5 106.3 185.3 194.8
25 283.6 472.2 1,061.2 1,701.0
30 744.0 1,549.0 2,620.0 o/C
Ultimate Capacity
(opns./hr.) (32) (31) (30) (26)
10 Nautical Mile Separation
10 21.9 28.1 33.5 43,2
15 48.6 51.5 82.6 119.9
20 299.1 444.4 889.4 0/C
Ultimate Capacity
(opns./hr.) (24) (23) (22) (19)
15 Nautical Mile Separation
10 57.0 65.3 79.4 129.5
15 153.8 171.1 o/C 0/C
Ultimate Capacity
(opns./hr.) (16) (15) (14) (12)

0/C = over capacity
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FIGURE 4

ed By ASR: 3 Mile vs, 7.5 Mile Separation
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In general, at the lower levels of operations per hour, the delay for
takeoffs is greater than that for landings since the landing aircraft
always have priority. However, as the ultimate capaciti:s are
approached, the simulation model permits landing delays to exceed delays
in takeoffs to avoid an excessive departure queue.

Additional simulation runs were made at the 3 and 7.5 naatical mile
separations increasing the runway occupancy for landing AC aircraft from
34 seconds to 60 seconds. No significant differences in the total delays
were apparent for this increase. However, the data suggests that runway
occupancy periods of over 60 geconds can become critical when computing
delays for a 3 nautical mile separation distance.

For purposes of this report, total delay differentials shown in Pigure 3
between the 3 and 7.5 nautical mile separation standards have been
converted to average delay savings per aircraft for varying numbers of
operations per hour of airpo-t operation, as illustrated in Figure 5.
Figure 4 graphically illustrates total aircraft hours saved by ASR per
hour of airport operation by lowering the separation standard from 7.5 to
3 nautical miles for the 20%, 60%, 80% and 90% AC mixes.

Given the NBS methodology described above for deriving hourly IFR delay
differentials between radar and non-radar environments for various hourly
activity levels, the following additional data must be determined in
order to compute IFR delay reduction benefits for a specific sites

1. Number of operations during a busy IFR hour;
2. Hourly cost of delay of the aircraft type mix, and
3. Frequency of busy IFR hour

An "IFR hour” is defined as one during which instrument approach weather
conditions prevail, usually a ceiling of 1,500 feet or less and/or
visibility of 3 miles or less. It is recognized that radar can reduce
delays by reducing separation when instrument conditions exist at high
altitudes as well. However, data on the frequency of occurrence of
vhetter" IFR weather, e.g., 4000-5, is not available and the 1500-3
observations, which are available (Reference 7), are thought to
approximate total IFR conditions closely enough for this purpose. A
"busy” IFR hour, as the term connotes, is as an hour during which high .
instrument operations activity takes place. To estimate the number of
operations during a busy IFR hour, a regression analysis between repor ted
busy IFR hour operations and annual instrument operations was performed
for 252 towered airports (after omitting outliers). The results of this
analysis are presented in Appendix B and summarized in Figures 6 and 7.
The data upon which this regression analysis is baged were obtained from
periodic counts made by tower personnel during periods of known high
instrument operations activity (Reference 8) . After determining the
number of operations during a busy IFR hour and the percent of instrument
operations represented by the air carrier user class, the time saved per
aircraft per hour of airport operation can be found by referring to
Figure 5.
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Relationship Between Busy IFR Hour Ogerations and Annual Instrument
Ton Analysis of 252 Towered Airports
RANGE OF IFR RANGE OF
ANNUAL BUSY HOUR ANNUAL
INSTRUMENT‘OPNS OPNS INSTRUMENT OPNS
0-43 32 47,557-50,133
44-217 33 50,134-52,766
278-658 34 52,767-55,453
659-1,163 35 55,454—58,194
1,164-1,778 36 58,195-60,989
1,779~-2,495 37 60,990-63,838
2,496-3,309 kt:} 63,839-66,739
3,310-4,214 39 66,740-69,692
4,215-5,206 40 69,693-72,697
5,207-6,281 41 72,698—75.754
6,282-7,438 42 15,755-78,862
7,439-8,673 43 78,863-82,021
8,674-9,985 44 82,022-85,230
9,986-11,371 45 85,231-88,490
11,372-12,829 46 88,491-91,799.
12,830«14,359 47 91,800-95,157
14,360-15,958 48 95,158-98,564
15,959~17,625 49 98,565-102,020
17,626-19,359 50 102,021—105,525
19,360-21,159 51 105, 526-109,078
21,160-23,023 52 109,079-112,678
23,024-24,952 53 112,679-116,326
24,953-26,943 54 116,327-120,021
26,944-28,996 55 120,022—123,164
28,997-31,110 56 123,765-127,553
31,111-33,284 57 127, 554-131,388
33,285~-35,518 58 131, 389-135,270
35,519-37,810 59 135,271—139,198
37,811-40,161 60 139,199-143,171

61 and over®

t operations for higher activity levels may be found




Busy IFR Hour Operations

FIGURE 7

Relationship Between Busy IFR Hour 0 erations and Annual Primar Instrument 0 erations
Ba: ed on Regression Analysis of 257 Towered M!rports
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Basing estimates of annual delay costs cn the relatively few hours of
the day that are "busy" may appear to understate those costs.
However, delays increase exponentially with increases in traffic
activity, and the rise is very rapid as the operations rate
approaches capacity. Omitting the lower activity hours, therefore,
will have little impact on tot:l annual delays, and that impact will
be offset on those occasions when higher rates of operation are
experienced.

Total hours of aircraft delay per hour of airport operation multipled
by average delay costs per hour yields the total cost of delay
generated during one hour of airport operation. Delay costs include
aircraft variable operating costs and the value of aircraft
passengers'/occupants' time. "aAircraft variable operating costs," as
used in this report, include the costs of flight crews (for air
carrier and air taxi), fuel and oil, and direct maintenance of
airframe, avionics and engine. Depreciation, amortization of capital
leases, insurance, hangar and tie-down fees, and other costs of a
fixed or semi-fixed nature are considered irrelevant for purposes of
measuring the cost of delay. The value of time of aircraft
passengers/occupants and aircraft variable operating costs used in
this report were taken from Reference 9, Hourly delay costs by
aircraft type are illustrated in Appendix C and weighted and
summarized by user class in Figure 8.

FIGURE 8

Delay Cost Per Hour By User Class
(1980 Dollars)

Weighted

Aircraft

Variable Weighted value of Occu-
User Operating Number of pants' Time Total Delay
Class Cost/Hour Passengers/Occ antel/ @ $17.50/Hour Cost/Hour
Alr Carrier $1,169 45.7 $800 $1,969
Air Taxi2/ 174 4.8 84 258
General 79 2.7 47 126
Aviation
Military 709 4,2 74 783

Sources: Appendices C, E-1 and E-2. Data are weighted by the expected mix of aircraft
types within each user class at potential establishment candidate airports.

1/Because crew salaries are included in air carrier and air taxi variable operating
costs, "passenger” load factors are used. "Occupant" load factors are used for the
general aviation and military user classes.
2/nir taxi includes air commuter alrcraft.
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Reference 10 Provides an indication of bercentage of traffic activity on
an hourly basgig for air carrier, general aviation, ang military
aircraft, Examining the data, heavy airport activity with respect to
Operations takes Place for about 4 hours a day during weekdays and 2
hours a day during weekends, or about 1,252 hours a Year. Reference 7
documents the percentage of IFR weather from samplings of hourly airport

many locations. Multiplying 1,252 hours by the average annual IFR
occurrence rate gives an estimate of the number of times a year a busy
IFR . hour occurs.,

life~cycle value of IFR delay reduction benefits is derived by computing
and summing this value for each Year of an ASR's 15-year economjc life
and discounting to the present value equivalent, or:

15

> { DELTOTy, x 1/(1+d)y-0.5 }
y=1

An application of the above methodology in a manual computation of the
benefits of 1FR delay reduction is illustrated in Section v. In actual
Practice, thisg computation will be performed by a computer program in the
Phase II benefit/cost Screening process.
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C. Safety Benefits

This section examines the measurement of safety provided by an ASR from
the standpoint of avertable midair and terrain collisions, VFR radar
advisory service and radar flight assists.

1. Collision Analysis

Two kinds of aircraft accident risks can potentially be reduced by ASR
systems - midair collision and terrain collision risks. The benefits of
the expected reduction of these types of accidents are outlined in this
section. Midair collisions, while not the most common form of accident,
are a major concern of all facets of the air traffic control process.
The air traffic control system maintains specified separation minima
between aircraft while trying to expedite the movement of traffic so as
to decrease delays to users of the system. The large number of aircraft
flying under visual flight rules in the typical ARTS terminal compounds
this problem, especially during peak periods. The second kind of
accident which can be potentially reduced by ASR systems is terrain
collision accidents. ARTS Il enhances the ability of the terminal air
traffic control system to reduce the incidence of such accidents by its
Minimum Safe Altitude Warning (MSAW) and Conflict Alert (CA) features.

a. Midair Collision Analysis

The availability of an ASR/ATCRBS/ARTS system provides a mechanism for
reducing the risk and incidence of midair collisions. The basic data
used to derive upper bound midair collision avoidance benefits in this
report is from the Civil Aviation Midair Collisions Analysis

(Reference 1l), performed by the MITRE Corporation in 1973, and the 1974
addendum to that report (Reference 12). The data was derived from
National Transportation Safety Board accident reports for the nine year
period between January 1964 and December 1972. Although the analyses are
somewhat aged, their results are generally consistent with those of more
contemporary analyses, as indicated in the footnote to Figure 9. The
total midair collisions (and associated fatalities) were segregated
according to the place of occurrence f(airport, enroute, or terminal
area), circumstance of collision (runway, midair, nature of ATC control,
etc.) and, in the case of airport area collisions, whether the airport
was controlled or not.

Figure 9 provides a tabular summary of the results of regression analyses
of airport area collisions over an eight year period at uncontrolled,
controlled and VFR-towered airports from Reference 11. “Airport area" is
defined as the airspace within 5 nautical miles of the airport. The
general form assumed was Cc = anb, where ‘c' is the average number of
collisions per airport over the period January 1964 - December 1971, 'a'
and 'b' are the coefficients which yielded the least error between the
actual and estimated numbers of collisions, and 'n* is the average number
of aircraft operations per airport in 1971 in wunits of 100,000. The 1972
collision data provided by Reference 12 did not change the formulae.
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FIGURE 9

Summary of Airport Area Collision Regression Analyses*

Airport Best Collisjion Estimator {c)
Category For January 1964~-December 1971
Uncontrolled 0.13n0.92

Controlled 0.048nl.54

VFR Towers 0.028n2.3

activity growth over the eight year period, the airport collision
formulae become .019n0.92 znq -007n1+54 for uncontrolleq and

controlled airports, respectively. The latter is consistent with more
contemporary but Preliminary work done by Graham ang Faison

(Reference 13) which yields 3 formula of (n/10)2/2.3902 for controlled
airports, again with n in 105 operations. The rationale for the third
category, "VFR towers," is that none of the collisions at controlled
airports occurred between aircraft which were sequenced on radar by the
approach control facility. Rather, the collisions typically occurred at
very busy general aviation airports where a busy local controller,
without the benefit of a BRITE display, was responsible for Procedurally
Sequencing all aircraft to the runway. Thus, this category represents an
attempt to get at the subset of a1l controlled airports which actually
Produced the observed collisions, i.e., the "vFr tower" airports. It is
this formula upon which the benefits of radar-preventable midair
collisions are based in this report.

The data base from which this relationship was derived included 296
midair collisions between January 1964 ang December 1972. Thirty-four
ASR-preventable midair collisions occurred within five miles of
controlled airports: 2 IFR-VFR collisions and 32 VFR-VFR collisions.
The airport area is defined ag the airspace within 5 nautical miles of
the airport. ap additional 52 ASR-preventable midair collisions occurred
in terminal areas outside the airport area: 1 IFR-IFR collision, 12
IFR~VFR collisiong and 39 VFR-VFR collisions. The terminal area is
defined at the airspace within 30 hautical miles of the airport. Thus,
for a nine Year period, there were 86 airport and terminal area midair
collisions potentially avertable by today's ASR-9, If terminal area
collisions are distributed approximately in pProportion to airport
collisions, an y ler bound for the expected number of annual midair
collisions avertable by ASR can be estimated by:

86 x 0.028n2:3 = ,010n2.3
34 7

where n is the number of annual aircraft operations in units of 100,000
or 105. Based on this’ formula, Figure 10 outlines expected numbers of

ASR-preventable midair collisions within the relevant range of activity
for new ASR establishment locations.,
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FIGURE 10

Relationship Between Total Aivcraft Operations and Number of
Avertable Midair Collisions Expected by ASR

Expected Number of Annual

Annual Aircratt Operations Avertable Midair
(000) Collisions¥
50 .002
55 .003
60 .003
65 .004
70 .004
75 .005
80 .006
85 .007
90 .008
95 . 009

100 .010
105 ,011
110 .012
115 .014
120 .015
125 ,017
130 .018
135 . G20
140 .022
145 024
150 .025
155 ,027
160 .029
165 032
170 .034
175 .036
180 .039
185 .041
190 044
195 046
200 .049

Source: Reference 11

*The expected number of avertable midair collisions may be approximated

by solving for .010n2.3, where n is the number of annual aircraft
operations in units of 100,000.




The costs of 4 midair collision include damage to aircraft, the value of
lives lost ang the costs of injuries. Collision losses used in the

teport. Expected midair collision costs per aircraft per involvement are
illustrated in Figure 11. fhe €xpected number of preventable midair
collisions multiplied by the appropriate collision costs for various
Classes of aircraft yields the estimated midair collision avoidance
benefits credited to the establishment of an ASR. The life-cycle value

summing the expected value for each Year of an ASR's 15~year economic
life and discounting to the present value equivalent, or:

{ MACTOTy x 1/(1+44)¥~0.5 }

where 'y' is each of an ASR'g 15-year economic life, 'MACTOT' jis the
nondiscounted midair collision avoidance benefits in Year 'y,' and 'q' jg
the OMB-prescribed discount rate of ten percent.

bPractice, this computation will be performed by a computer program in the
Phase 1I benefit/cost Screening process,

FIGURE 11

Expected Midair Collision Costs per Aircraft per Involvement
(Thousands of 1980 Dollars)

Costs of Fatalities Cost of Air-
User Class and Injuries craft Damage Total Costs
Air Carrier $12,446 $1,871 $14,317
Air Taxiw 1,17 111 1,287
General Aviation 553 66 619
Military 1,038 1,108 2,146

Sources: Appendices D, E~1 and E-3. Data are weighted by the expected mix of
aircraft types within each user class at potential establishment candidate
airports,

*ir taxi includes air commuter aircraft,
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b. Terrain Collision Analysis

The major sources of safety benefits provided by ARTS was found in a
report entitled ARTS II Enhancements Costs and Benefits (Reference 14) to
be its Mininum Safety Altitude Warning (MSAW) and Conflict Alert (CA)
features. Benefits generated from MSAW result from the prevention of
terrain collisions while those from CA result from the prevention of
midair collisions. Since the preceding section on midair collisions
derives the total expected difference in incidence of midair collisions
between radar and non-radar environments, no further benefits are
ascribed to CA because to do otherwise would potentially result in double
counting. The benefits attributable to preventable terrain collisions
outlined below are from the above referenced report, updated to reflect
the value of a statistical life and aircraft replacement values (from
Reference 9). The analysis of aircraft accidents used a series of
National Transportation Safety Board files for accidents occurring near
ARTS II candidate airports between 1967 and 1972 (during and at which
41,540,000 aircraft operations took place). There were 104 fatal
accidents at or near the ARTS II sites during this period. Nineteen of
these were collisions with the terrain or obstructions and were
considered potentially preventable by MSAW. In this group were 44
fatalities and 19 general aviation aircraft destroyed. No air carrier
aircraft were involved in any of these preventable accidents.

The benefits associated with MSAW can be calculated using the annual cost
of preventable terrain collision accidents. The total value of the lives
and aircraft lost in the 19 fatal accidents over the six year period was

$24,384,000 or $0.587 per operation, calculated as follows:

44 fatalities x $530,000 = $23,320,000
19 GA aircraft x $56,000 = 1,064,000

Total $24,384,000
Operations 41,540,000
Loss per operation $ 0.587

since all of the fatal terrain collision accidents involved general
aviation aircraft, MSAW would only be effective if the aircraft were
equipped with altitude encoders. The preventable 108s must be adjusted
since MSAW works only with altitude data. Figure 12 outlines percentages
of all aircraft (including air carrier, air taxi, general aviation and
military) which are estimated to be equipped with altitude encoding
avionics over the next geveral years at a group .of ARTS~II sites, as
developed in Reference 14.
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FIGURE 12

Forecasts of Mode C Usage (Total Aircraft Population)

Year Mode C Factor (%)

1982 48

1983 52

1984 56

1985 60

1986 64

1987 68

1988 72

1989 76

1990 80

1991 84

1992 88

1993 92

1994 94

1995 95 (extrapolated)
1996 96 (extrapolated)
1997 97 (extrapolated)
1998 98 (extrapolated)
1999 99 (extrapolated)
2000 100 (éxtrapolated)

15

Z $.587 x OPS x MODECF x (1/(144)y-0.5,
y=1

where 'y' is each of the 15 years of an ASR's economic life, 'OPS' is
the total aircraft operations in year 'Ys' 'MODECF' is the Mode C
factor in year 'Y,' and 'q' ig the OMB-prescribed discount rate of
ten percent.

2. VFR Radar Advisory Service. VFR radar advisory service is provided
on a work-permitting basis at towers which have terminal radar. It ig a
service provided primarily to general aviation aircraft. The service
consists of radar traffic information, separation between an aircraft
receiving radar traffic information and observed traffic, safety advisory
to radar-identifieq aircraft when a situation appears to affect the
safety of the aircraft, altitude conflict separation, weather and chart
information ang radar navigation assistance to avoid those areas, bird
activity information, holding pattern surveillance and navigation
guidance. All of these activities contribute to an absolute improvement
of the level of safety in a radar environment compared with a terminal
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environment without radar, but none are easily quantified. Towers record
the number of times the service is given, but the significance of each
event is not recorded and would obviously be very difficult to

ascertain. Accordingly, no attempt has been made in this report to
quantify and value these services. The significance of this omission is
rather immaterial since the pilot can still resort to other FAA-provided
means of assistance such as VHF pirection Finder and emergency services
offered through flight service stations (FSS), air route traffic control
centers (ARTCC) and tower facilities. ASR can be clagssified as only an
alternative and limited means of offering navigation assistance to pilots
in the immediate area of the airport.

3. Radar Flight Assists. Primary reasons for flight assists include the
pilot being lost, low on fuel, caught on top and equipment malfunction.
Flight assists can and are perfarmed without the aid of radar, but the
user of £light assistance during an emergency enjoys a definite advantage
when he is helped by a radar-equipped tower. The user, predominately a
general aviation itinerant pilot, is in a relatively safer position from
the time radar contact is established until the time he is in a safe
position on the ground. This relative safety is due to the fact that the
user is an identified target on the radar scope. He can be followed,
guided and landed at the nearest suitable airport, or sent on his way.

As in the case of VFR radar advisory service, radar flight assists afford
an absolute improvement on the level of safety over that of a terminal
environment which has no radar, but their value is not easily

quantified. Again, these intangible services are not taken into account
in the benefits developed in this report because of the difficulty of
their measurement and valuation. Again this omission is not significant,
since ASR should be viewed as only an alternative and limited means of
offering navigation assistance to pilots in the immediate area of the
airport. The pilot can still resort to other PAA-provided means of
assistance such as VHF Direction Finder and emergency gservices offered
through FSS, ARTCC and tower facilities.

D. Convenience

A third major benefit of ASR, poth to the controller and the user, is
that of convenience. The user benefits from the feeling of having added
protection with radar. Convenience to the user arising from reduced
flying time is addressed in an earlier part of this section dealing with
IFR delay reduction. For the controller, convenience is realized from
the reduction in the difficulty of retaining a mental image of the
activity he is controlling, or more simply, a reduction in the mental
strain of moving traffic. Because there is insufficient data upon which
to attach a monetary value to these aspects of radar, they have not been
quantified in the benefits developed in this report.
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SECTION V_~ DEVELOPMENT OF PHASE I ASR ESTABLI SHMENT
AND DISCONTINUANCE CRITERIA
=00 CRITERIA

This section explains how the Phase I ASRr establishment ang
discontinuance criteria were derived. Phase 1 criteria, published in
Airway Planning Standard Number One (Reference 1), are a set of

candidates. Phase I criteria are easily applied with available data
without the aid of a computer. Phase II ig a site-specific computerized
benefit/cost screening process under which candidates identified by
Phase I are further evaluated. Figure 14 of Section vI provides Phase I
and II results for all principal Faa approach control towers (other than
CIFRR's, CERAP's, RAPCON'sg and RATCF's) based on extrapolated Terminal
Area Forecasts over the 15 year period Fiscal Years 1982 through 1996,

At any given site, the respective contributions of IFR delay reduction
and safety benefits to the Phase II benefit/cost ratio can be expressed
as:

Delay Reduction = TSAVEy x PRIM; x BHIO; x VOC) x (PIFR/100) x BHPY x NDF
Component of Ben- DISCST
efit/Cost Ratio

Accident Reduction = (MACBEN; + TRCBEN ) X OPS; x NDF
Component of Ben- DISCST
efit/Cost Ratio

where for the first Year of operation:

BC is the Phase IT benefit/cost ratio,

TSAVE is the number of delay hours saved per aircraft per hour of airport
operation (a function of airport capacity busy hour operations and user
class mix),

PRIM is the number of Primary instrument operations,

BHIO is the number of Operations during a busy IFR hour,

VOC is the hourly variable operating cost of the aircraft mix,

PIFR is the percent of time that IFR weather Prevails,

BHPY_is the number of busy hours per year,

NDF is a factor by which first Year benefits can be inflated to their
life-cycle equilavent, taking into account discounting and activity
growth, ’

DISCST is the life-cycle cost,

MACBEN is the expected benefit per operation of averted midair collisions,

TRCBEN is the expected benefit per operation of averted terrain
collisions, and

OPS is the number of total aircraft operations.
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The objective in developing Phase I criteria is to derive a simple
relationship that when applied to first year activity data will produce a
reasonable approximation of the Phase I1 benefit/cost ratio. This
relationship should be sensitive to activity by user class composi tion
because the value of ASR benefits differs by user class. Note in the
above formulae that the activity measures used to determine the benefits
of IFR delay reduction and collision avoidance benefits are primary
instrument operations (PRIM) and total aircraft operations (OPS),
repsectively.

For each FAA towered airport, values of PRIM; and opPs; for each user
class required to achieve a life-cycle benefit/cost ratio of unity (i.e.,
where benefits just break-even or offset costs) were calculated using the
canputer program described in Appendix F. The range of values derived
for OPS was narrow, with medians of 107,400 for air carrier, 539,600 for
air taxi, 847,200 for general aviation and 376,200 for military.
Unfortunately the results obtained for PRIM were disparate because site
specific weather (PIFR) and PRIM are unrelated and there is an
exponential relationship between TSAVE and BHIO on the one hand and PRIM
on the other. This poor ocorrelation result could be overcame by making
PIFR a separate part of the phase I computation and by using exponents in
the Phase I criteria or constructing a table look-up for the relationship
between TSAVE, BHIO and PRIM. Unfoartunately, this enhancement conflicts
with the ideal of keeping the Phase I criteria as simple as possible and
met with resistance during ‘coordination of preliminary draft versions of
this report. The Phase I criteria finally adopted, the computation
procedure and nomenclature far which are outlined below in Figure 13,
correlate very well with the Phase II criteria results in the area of
safety but not as well in the area of delay reduction.

FIGURE 13

phase I Criteria

Contributing Benef it Ratio Value

Delay Reduction:

ACPRIM = XAXX
3,400 - (.0013 x PRIM) *

ATPRIM = XRAX
26,000 - (.0096 x PRIM) *

GAPRIM = XXXX

MLPRIM = XXXX

e ———————rr—

8,600 - (.0032 x PRIM) *
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FIGURE 13 (Conti nued)

Safety:

ACITN = XXXX
107, 400

ATITN = XXXX
539,600

GAITN + GALCL = XXxXx
847,200

MLITN + MLLCL XXXX
oo T LAL

376,200

Sum of Ratio Values If 1or greater, location
satisfies Phage T
establishment criteria

*If the denominator for any user class results in a valge equal to or
less than zero, disregard all denominators and use all of the following
instead. For the air carrier user class: 9,300 -~ (.0034 x PRIM); for
the air taxi user class: 71,200 - (.0262 x PRIM); for the general
aviation user class: 146,000 - (.0538 x PRIM); and for the military user
class: 23,400 - (.0086 x PRIM).

ACPRIM, ATPRIM, GAPRIM and MIPRIM, for a pPrimary airport, are the numbers
of annual primary instrument operations of the air carrier (FAR 121, 127
and 129), air taxi these terms (FAR 135), general aviation (FAR 91) and
military (FAR 91) user classes, respectively. For a qualified secondary
airport, these terms are the numbers of annual primary instrument

PRIM, far a primary airport, is the number of total annual r imar
instrument operations (i.e., the sum of ACRIM, ATPRIM, GAPRIM and
MLPRIM). PRIM, far a qualified secondary airport, is the number of total
annual primary instrument operations of the Secondary airport, or the

18 greater,

ACITN, ATITN, GAITN and MLITN are the numbers of annual itinerant
operations of the air carrier, air taxi, general aviation and military
user classes, respectively.
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GALCL and MLI.CL are the numbers of annual local operations of the general
aviation and military user classes, respectively.

When an ASR facility is being considered far discontinuance, initial
acquisition and installation costs are irrelevant since they are sk
costs. The only relevant costs are recurring operations and maintenance
costs, ignoring salvage value, relocation costs, etc. To determine
whether an ASR facility meets Phase 1 discontinuance criteria, a ratio
value is calculated by the same sum-of-ratios approach described above
for Phase I establisiment criteria. If the ratio value so obtained is
less than 0.35, the location satisfies Phase I discontinuance criteria.
The 0.35 figure is an approximation of the level where the life-cycle
benefits just offset recurring life-cycle operations and maintenance
costs.

1deally, there should be a clese relationship between candidates
identified in Phase I (simple criteria) and candidates meeting a
benefit/cost ratio of 1 or more in Phase II (computerized benefit/cost
analysis). If not, one or both of two undesirable situations can occur.
First, locations may show up as candidates under Phase I but fail to
reflect an acceptable benefit/cost ratio under Phase II, a situation
which is termed "false alarm.” Secondly, and more critically, locations
may not show up as candidates under Phase I but attain a benefit/cost
ratio of 1 or more under Phase II screening, a gituation termed
"non-identification.” 1In the develomment of the Phase I establishment
criteria, the emphasis was primarily to keep the Phase I criteria as
simple as possible and secondarily to maintain a reasonable relationship
between the benefit/cost ratics derived from both phases. As a result of
this approach, Figure 14 shows 24 instances of false alarmm but no
instances of non-identification of over 200 FAA approach control towers.
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The computer Program described in Appendix F, based on the benefit/cost
methodology described in Sections III, IV and V, was used to compute
Phase I and Phase II benefit/cost ratios for a1l FAA~operated approach
control towers 1excluding CIFRR'sg, CERAP's, RAPCON's and RATCF's) in the
Terminal Area Forecasts ( TAF) (Reference 25) over the 15 Year period
Fiscal Years 1982 through 1996, The results are outlined in Pigure 14,
Figure 14A outlines the results by descending Phase 17T benefit/cost
ratio, Figure 14B jip LOCID Sequence, and Figure 14C in state Sequence.

Also included are the Phase 1T benefit/cost ratios derived from applying
the previous asy criteria. The benefit/cost ratios outlined in Figure 14
are based only on activity at the Primary airport and do not reflect any
qualijfied sSecondary airports, if any, under the "area concept” outlined

in Section IV. The Air Traffic Service will determine eligible locations

Order 1320.1 requires an assessment of the impact of the revised criteria
on agency resources, It is impossible, however, to "precisely" assess
the impact for Several reasons. First, meeting candidacy levels does not
by itself entail automatic qualification. Benefit/cost Screening is but’
one of several inputs to the Faa decisionmaking pProcess relative to
investment in ASR facilities. Investment decisions are made on the basis
of all pertinent factors, Second, neighbor ing airports having a common
need for radar surveillance may collectively qualify for an AsSrR under the
"area concept" introduced in Section 1V of this report. Qualifying siteg
in this category will be determined on a case by case basis by the Air
Traffic Service. And third, actual costs vary from site to site,
Estimateqd Site-specific costs will be applied in actual application of
the criteria,

qualify under the Previous criterija. Figure 14D summarizes Figure 143 by
ranges of Phase II benefit/cost ratios of FAA approach control towers
(other than CIFRR's, CERAP's, RAPCON's and RATCF's) under the revised and
Previous ASR criteria. The revised criteria result in 13 new
establishment candidates and 2 discontinuance candidates, while the
Previous criteria result in 9 new establishment candidates and 5
discontinuance candidates. Projections through Fy 1987 suggest an

additional 6 new establishment candidates under the revised criteria ang
4 under the Previous criteria. Again, pPotential establishment candidates
that may qualify under the "area concept” are not reflected in these
impact assessments, A sensitivity analysis is provided in Section IX.
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FIGURE 14D

Summary of Results of Applying Previous and Revised ASR Criteria
to all FAA Approach Control Towers2
Phase II
Benefit/Cost
Ratio Previous Criteria Revised Criteria

0.00 - 0,349/ o/ 320/ 30b/

0.35 - 0.74 15¢/ 12b/

0.75 - 0.99 28/ 3

1.00 - 1.34 2¢/ 28/

1.35 and above 1538/ 157£/

a/ source: Figure 14A. Excludes CIFRR's, CERAP's, RAPCON's and

RATCF's and benefits that may be attributable to radar coverage
provided to qualified secondary airports, if any, under the “area
concept" outlined in Section IV. *

As of September 1981, 3 of these locations had radar equipment and
service (Reference 26).

As of September 1981, 2 of these locations had radar equipment
and/or service (Reference 26).

As of September 1981, 1 of these locations had radar equipment and
service (Reference 26).

As of September 1981, 144 of these locations had radar equipment or
service (Reference 26).

As of September 1981 145 of these locations had radar equipment or
gservice (Reference 26).

Range of discontinuance criteria under the revised criteria. Of the
30 locations that fall in this range under the revised criteria, 3
had ASR as of September 1981. Tentatively applying the "area
concept™ criteria discussed in Section IV reduces this to 2
discontinuance candidates.

Range of discontinuance criteria under the previous criteria. Of
the 47 locations that fall in this range under the previous
criteria, 5 had ASR as of September 1981 and therefore satisfy the
previous discontinuance criteria.
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SECTION VII - A MANUAL METHOD FOR COMPUTING
A g e NUAL METHC
THE PHASE II ASR ESTABLISHMENT BENEFIT/COST RATIO

Screeniny process by program analysts, auditors and others, this section
describe- in detail a manual method for computing the Phase II asr
establis:ment benefit/cost ratio. Figures 15 through 24 are designed to
Serve as worksheets for manually computing the Phase II benefit/cost
ratio. Additiona] copies of Figures 16, 18 and 21 may be required in
instances where there exist secondary airports qualified under the "area
concept" discussed in Section 1V, 71t may be noted that Several of the
worksheets include 4-engine turbofans/turbojets. Obviously, terminals
that serve these aircraft types are already equipped with and/or served
by ASR. Conversely, airports within the range of interest jn this report
for new radar establishment do not serve these aircraft types. Their
inclusion here is without impact and only for completeness of .
Presentation,

The step—by-step methodology outlined in this section is supplemented
with an illustration in Figures 25 through 34 for Binghamton Broome
County Airport, NY (BGM) (which already has an ASR), including one of its
Secondary or satellite airports, Endicott Tri<Cities Airport (N17), which
for purposes of this illustration js assumed to meet the "area concept"
criteria outlined in Section 11, 1982 activity forecasts are used.
Application of the manual approach to computing the Phase IT benefit/cost
ratio should be based on site-specific data since these Program inputs,
if available, should be used for the computerized phase IT benefit/cost
SCreening process., In addition to being specified in the following
steps, Appendix F pProvides a checklist for those Program inputs which
should be site-specific, for those which are fixed for all candidates,
and those for which default values may be used in the absence of
site-specific data. The manual computation of the Phage IT benefit~cost

éxpected life-cycle benefits,

IFR Delay Reduction Benefits

Step 1

Secondary airport, whichever is larger. 1In the Binghamton/Endicott
illustration (Figures 25 ang 26), Binghamton (the primary airport) has
42,480 Primary instrument Ooperations, Assuming Endicott is its only
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qualifying secondary airport by satisfying the "area concept” criteria
outlined in Section 1V, 100 percent of Binghamton's 7,668 secondary
instrument operations are allocable to Endicott. Since Endicott

generates no primary instrument oprrations on its own, Endicott's
instrument operations total 7,668.

Step 2

In Column B of Figure 15 for the primary airport and Column B of each
copy of Figure 16 for each qualified secondary airport, enter the percent
of annual instrument operations represented by each user class by
dividing the annual instrument operations in Column A by the respective
totals. The sum of the percentages should equal 100 or approximate 100
in the event of a rounding effect.

Step 3

Disaggregate each user class by aircraft type in percentage terms and
enter the percentages in Column C of Figure 15 for the primary airport
and Column C of each copy of Figure 16 for each qualified secondary
airport. The sum of the percentages for each user class should equal 100
or approximate 100 in the event of a rounding effect. For purposes of
the Binghamton/Endicott illustration (Figures 25 and 26), the
distribution of instrument aircraft by aircraft type within the air taxi,
general aviation and military user classes are based on national norms,
as illustrated in Appendix E-2. For the air carrier user class, the
distribution of aircraft by aircraft type is site-specific based on
published statistics from References 15 and 16. 1In the computerized
Phase II benefit/cost screening process, only the air carrier user class
requires dissaggregation by aircraft type. The aircraft type
disaggregation of the other user classes are fixed based on national
norms (Appendix E-2).

Step 4

Reference Figure 6 to determine the estimated number of instrument
operations during a busy hour at the primary airport and each qualified
secondary airport. Enter this (these) values in the space(s) provided in
the heading(s) of Column D of Figure 15 for the primary airport and
Column D of each copy of Figure 16 for each qualified secondary airport.
In the Binghamton/Endicott illustration (Figures 25 and 26), 42,480
annual primary instrument operations equates to 29 instrument operations
during a busy hour at Binghamton, the primary airport; for Endicott, the
secondary airport, 7,668 annual instrument operations equates to 11
instrument operations during a busy hour. :

Step 5

In Figure 15 for the primary airport and each copy of Figure 16 for each
qualified secondary airport, find the expected mix of aircraft during a
busy IFR hour by multiplying the results from steps 2 (Column B), 3
(Column C) and 4 and dividing the product by 10,000 for each aircraft
type. Enter the quotient(s) in Column D.
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Step 6

Transcribe the instrument aircraft mix of the Primary airport from
Column D of Figure 15 to Column A of Figure 17 ang from Column D of each
copy of Figure 16 to Column A of each copy of Figure 18 for each
qualified Secondary airport.

Step 7

In Figure 17 for the primary airport and each copy of Figure 18 for each
qualified Secondary airport, determine the hourly aircraft variable
operating cost for each aircraft type mix by multiplying the number of

Enter the average number of Passengers for the ajir carrier and air taxi
user classes and the averaye number of occupants for the general aviation
and military user classes for each aircraft type in Column D of Figure 17
for the primary airport andg Column D of each CoPy of Figure 18 for each
qualified secondary airporti. For purposes of the Binghamton/Endicott

Section vI, Passenger and Occupant load factors are based on nhational
norms, as derived from References 17, 18, 19 and 20. These are

Step 9

In Figure 17 for the Primary airport and each copy of Figure 18 for each
qualified Secondary airport, determine the value of passengers'/occupants'
time per hour for each aircraft type mix by multiplying the number of

Step 10

In Figure 17 for the primary airport and each copy of Figure 18 for each
qualified secondary airport, find the sum of aircraft variable operating
costs (Column C) and the value of occupants' /passengers" time (Column E)
to arrive at the total hourly operating cost of each aircraft type mix.
Enter the sum(s) in Column F. Sum all values in Column F to find the
total cost of Operating the instrument aircraft mix for one hour,

Steg 11

and Column B of each copy of Figure 16 for each qualified secondary
airport. Round to the nearest 10 percent. If less than 20 percent,
round up to 20 percent; if greater than 90 percent, round down to 99
percent. With this (these) percentage(s) and the number (8) of total
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instrument operations during a busy hour from Column D of Figure 15 for
the primary airport and Column D of each copy of Figure 16 for each
qualified secondary airport, refer to Figure 5 tc find the number of
hours saved per aircraft per hour of airport operation. Enter this
(these) value(s) in the appropriate space(s) in Row A of Figure 19.
Applying Binghamton's 29 instrument operations per busy hour and a 20%
air carrier instrument mix (rounded up from 6.68) to Figure 5, we find an
expected savings of 1.931 hours per aircraft per hour of airport
operation (Figure 29). Similarly, applying Endicott's 11 instrument
operations per busy hour and a 20% air carrier irstrument mix (rounded up
to lower limit) to Figure 5, we find an expected savings of .02l hours
per aircraft per hour of airport operation (Figur= 29).

Step 12

Transcribe the total hourly cost of aircraft operation and
passengers'/occupants‘ time from Column F of Figure 17 for tla primary
airport and Column F of each copy of Figure 18 for each qualified second
airport to the appropriate space (s) in Row B of Figure 19.

Step 13

In Figure 19, find the total delay savings per busy IFR hour at the
primary airport and each qualified secondary airport per hour of airport
operation by multiplying the average delay savings per aircraft per hour
of airport operation (Row A) by the total hourly operating cost of the
aircraft mix (Row B). Enter the product(s) in Row C.

Step 14

From local statistics or Section VI, find the proportionate hours of the

year that instrument approach weather prevails at the primary airport and
each qualified secondary airport. Enter the value(s) in the appropriate

space (s) of Row D of Figure 19.

Step 15

In Figure 19, find the number of busy IFR hours per year at the primary
airport and each qualified secondary airport by multiplying the
percentage of time that IFR weather prevails (Column p) by 1,252 hours.
The 1,252 value is the annual national norm of IFR weather prevailance
bagsed on 4 hours during weekdays and 2 hours during weekends. Enter the
product(s) in Row E.

Step 16

In Figure 19, £ind the value of annual delay savings for the primary
airport and each qualified secondary airport by multiplying the total
delay savings per busy IFR hour (Row C) by the number of busy IFR hours
per year (Row E). Enter the product(s) in Row F.

Step 17
Find the value of total annual delay savings for all airports (primary

airport and qualified secondary airports) by summing Row F of Figure 19.
Enter the sum in the space provided.
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Safety Benefitsg

Step 18

Enter the number of annual aircraft operations for each user class in
Column A of Figure 20 for the primary airport ang Column A of each copy
of Figure 231 for each qualified secondary airport. Sum the values of the
user classes to determine total annual aircraft operations at the primary
airport ang each qualified secondary airport,

the air carrier user class, the distribution of aircraft by aircraft type
is site-specific based on published statistics from References 15 ang
16. 1In the computerized Phase IT benefit/cost Screening pProcess, only

Steg 20

In Figure 20 for the primary airport and each copy of Figure 21 for each
qualified secondary airport, fing the mix of aircraft in all operations

by multiplying Column A by Column B and dividing the product by 100 for

each aircraft type. Enter the results in Column C. Sum Column(s) ¢ in

Figure 20 ang any copies of Figure 21,

Step 21

Cross sum the annual operations by aircraft type over the primary and
qualified Secondary airports in Columns C of Figure 20 and a1l copies of
Figure 21. Enter the sum for each aircraft type in Column A of Figure 22.

Step 22

Figures 17 ang 18. The Occupant load factors for the general aviation
and military uger classes used in Figures 17 and 18 should be transcribed
directly to Column B of Figure 22. ' .
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Step 23

In Figure 22 find the expected contr ibutory costs of fatalities and
serious injuries per aircraft for each aircraft type by multiplying the
aircraft mix (Column A), the number of occupants per aircraft (Column B),
the expected costs of fatalities and serious injuries per occupant
(preprinted in Column C) and dividing the resultant product by the total
aircraft mix. Enter the result for each aircraft type in Column D.

Step 24

In Figure 22 find the expected contributory cost of aircraft damage per
aircraft for each aircraft type by multiplying the aircraft mix

(Column A) by the expected cost of aircraft damage per aircraft
(preprinted in Column E) and dividing the resultant product by the total
aircraft mix. Enter the result for each aircraft type in Column F.

Step 25

In Figure 22 sum the expected contributory costs of fatalities and
serious injuries (Column D) and the expected contributory cost of
aircraft damage per aircraft (Column F) for each aircraft type. Enter
the result for each aircraft type in Coiumn G. Sum Column G to determine
the expected cost of a midair collision per aircraft.

Step 26

Transcribe the number of total annual aircraft operations from Column A
of Figure 22 to both spaces provided in Row A of Figure 23.

Step 27

In Row B of Figure 23, enter the expected number of avertable midair

collisions by referring to Figure 10 or by solving the formula outlined
in the footnote to Figure 10. )

Step 28

Multiply the total expected cost of a midair collision per aircraft in
Column G of Figure 22 by the factor m2» (i.e., two aircraft per midair
collision). Enter the product in Column C of Figure 23.

Step 29

Refer to Figure 12 to determine the Mode C usage factor. As an
approximation of the average factor over the l5-year economic life of an
ASR system, use that factor corresponding to the base year plus seven
years. Enter the factor in Column D of Figure 23. In the
Binghamton/Endicott illustration (Figure 33), the Mode C usage factor is
found to be 76%.

Step 30

Find the expected value of annual avertable midair collisions by
multiplying the expected number of annual avertable midair collisions
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(Column B) by the expected cost of a midair collision (Column C). Enter
the product in the Space provided in Column E. PFind the value of
avertable terrain collisions by multiplying the number of total aircraft
operations (Column A), the cost of terrain collisions per Operation
(preprinted in Column C) and the Mode C usage factor (Column D). Enter
the product in the Space provided in Column E. Fing the expected value
of all avertable collisionsg by adding the respective values in Column E.
Enter the sum in the space provided.

Benefit/Cost Ratio

Compute the site~specific net discount factor by solving the following
formula:

NDF (L +4d)7.5

Projected Total aircraft Opns ip
1 "Base Year + 7 Years"
Actual Total aircraft opns in 15
"Base Year"

where,

NDF = net discount factor
4 = OMB-prescribed discount rate of 10 percent

1 270,000 15
NDF = | (1.1)7.5 185,000 = 10.71

Enter the result in the space provided in Row D of Figure 24,
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Step 34

Multiply the total annual benefits in Column C of Figure 24 by the net
discount factor computed in Step 34. Enter the product in Row D.

Step 35

Enter the site-specific discounted life-cycle cost of an ASR system in
Row E of Figure 24 based on the methodology outlined in Figure 1 for a
TRACAB configuration or Figure 2 foa a TRACON configuration, as
appropriate. The criteria for TRACAB/TRACN are outlined in paragraph E
of Section II.

Step 36

In Figure 24, find the ASR Phase II benefit/cost ratio by dividing the
total discounted life-cycle benefits (Row D) by the discounted life~-cycle
costs (Row E). Enter the quotient in Row F. As illustrated in

Figure 34, Binghamton/Endicott easily qualify for an ASR with a
benefit/cost ratio of 6.51. Note how similar this manually computed
Phase II benefit/cost ratio is with the computer-generated Phase II
benefit/cost ratio of 6.36 computed for Binghamton in Figure 14 of
Section VI. The difference can be attributed principally to the fact
that the computer-generated benefit/cost ratio was derived for Binghamton
only and includes no credit for radar coverage provided to Endicott,
while in the benefit/cost ratio computed manually in this section does
include Endicott. Also, the canputer-generated benefit/cost ratio is
based on discounted traffic farecasts specific to Binghamton, while the
benefit/cost ratio camputed manually in this section is based on a less
precise net discount factor concept.
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FIGURE 24

Worksheet or Computation of Phase II Benefit/Cost Ratio

Annual Benefit . of IFR Delay
Reduction (Bas.: Year)

Annual Benefits of Averted
Collisions (Base Year)

Tota] Annual B:se Year
Quantified Benefits (A + B)

Annual Benefit: (C) x
Net Discount Factor of

Total Discount: { Life~Cycle Costs

Benefit/Cost I .rio (D / E)
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FIGURE 34

I1lustrat:ive chrwtation of Phase II Benefit/Cost Ratio

Annual Benefits of IFR Delay

$ 5,291,730

A reduction (Base Year)

B Annual Benefits of Averted $ 161,600
Collisions (Base Year)
Total Annual Base Year

© |' Quantified Benefits (A + B) 3 5,453,330

o | Annual Benefits (C) x $58,405,164
Net Discount Factor of _10.71 :

E | Total Discounted Life~Cycle Costs $ 8,970,000

F Benefit/Cost Ratio (D / E) 6.51
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SECTION VIII - DEVELOPMuNT OF SUPPLEMENTAL CRITERIA

In addition to revising ASR establishment criteria, this cteport reviews
and/or revises the supplemental criteria relative to ASR facilities.

This section outlines the development of the ASR supplemr atal criteria
outlined in Section II: discontinuance, improvements, rc noted radar
bright display scope, establishment of terminal radar api roach control in
tower cab (TRACAB), establishment of terminal radar appr(ach control
(TRACON) and TRACAB to TRACON conversion. Like the estal.lishment
criteria, the discontinuance criteria are based on a detuiled
benefit/cost analysis. The other supplemental criteria, however, are not
readily adaptable to rigorous benefit/cost analyses for system-wide
application. Rather, they are based on activity levels at which there is
expected to exist reasonable relationships between benefits and costs.

A. Discontinuance

Since initial ASR acquisition and installation costs are sunk costs, the
only relevant costs when an ASR system is being considered for
decommissioning are recurring operations and maintenance costs, ignoring
salvage value, relocation costs, etc. An ASR system should be
decommissioned if the present value of the life-cycle operating and
maintenance costs exceed the present value of the benefits expected over
the remaining useful life of the system. Using the life-cycle cost data
in Figures 1 and 2 as a basis, it is estimated that this condition is
reached whenever a benefit/cost ratio of less than 0.35 is derived when
applying the detailed benefit/cost methodology for new radar
establishment.

B. Improvements

Existing radar approach control facilities frequently require
improvements to satisfy operational requirements and/or facilitate the
provision of terminal area radar service. The varying and diverse nature
and costs of such improvements prohibit a meaningful and rigorous
benefit/cost analysis for system-wide application. However, experience
suggests instrument activity ranges where the marginal benefits are
expected to exceed costs. This approach was used to derive the revised
improvements criteria outlined in Section II.

C. Remoted Radar Bright Display Scope

Remoted radar bright display scopes are occasionally installed in VFR
towers of secondary or satellite airports receiving radar service from a
primary airport. As with the improvements criteria discussed above,
experience can be relied upon to identify an activity level at or above
which a remoted radar bright display scope can be expected to be
economically justified. In addition to changing the qualifying level of
itinerant operations, the revised criteria outlined in Section II
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eliminate the requirement that the secondary airport be within twenty
miles and within microwave link range of the existing survelllance radar
gystem, because microwave 1ink repeaters can be used to extend the range
almost indefinitely or digital remoting may be used. Finally, since a
FAA control tower which is satellite to a military radar approach control
facility can benefit from a remoted radar bright display scope, the
previous requirement that the radar approach control facility be an FAA
facility has been eliminated.

D. TRACAB and TRACON

Radar service can be configured into either of two housing designs -
TRACAB or TRACON. A TRACAB (Terminal Radar Approach Control in Tower
CAB) is a facility that provides radar approach control service from
positions located in the tower cab, as opposed to a TRACON (Terminal
Radar Approach Control) in which radar approach control service is
provided from positions located in a separate IFR room.

Historically, the principal technical questions of TRACAB feasibility
revolved around the adequacy of the BRITE radar scope display and space
congestion in the tower cab., Early difficulties were experience with
utilization of the BRITE display in the tower cab due to the high ambient
light level. However, with existing improvements in BRITE display
performance the consensus currently is that the TRACAB concept is
feasible and can work effectively at some maximum level of operations.
Currently, the only impact of adding a separate TRACON or IFR room is to
relieve congestion in the tower cab. As more radar positions are
required due to increased sectorization demanded by growing traffic
counts, it becomes impossible to squeeze the physical space required for
these radar positions into the tower cab. Without some radical revision
of cab design concepts, the physical size of the cab limits the peak hour
operations that can be accommodated.

An carllier benefit/cost analysis of the TRACAB concept (Reference 21)
found that the major cost savings made possible by the TRACAB was a
reduction in controllers required. This reduction is due primarily to
eliminating £light data positions in the IFR room. Reduced coordination
effort is also an advantage when all radar controllers and cab personnel
are co-located. Thus, there is normally a positive cost advantage to
utilizing a TRACAB configuration. The cost of converting a TRACAB
facility to a TRACON is highly site dependent. In some cases, adequate
space may be available close to the tower. In other cases, new
construction is required, possibly at some distance from the tower.
Thus, each site should be surveyed to determine a reliable cost impact
prior to an establishment decision. Typical TRACAB and TRACON cost
differentials are outlined in further detail in Section III.

Review of several evaluations of tower cab configurations (References 22
through 24) and Air Traffic Service experience suggests that the current
provisions in Airway Planning Standard Number One, Order 7031.2B, are
valid operational and economic determinants for determining how a radar
approach control facility should initially be established and for
determining when a TRACAB ghould be converted to a TRACON. Therefore,
the current provisions of these supplemental criteria, in effect since
8/13/80 by Change 18 to the subject order, remain intact.
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SECTION IX - SENSITIVITY ANALY:

In the computation of the benefit/cost ratio for ASK, taere are a number
of constants and variables which are used to quantify ba=nefits. This
section addresses the sensitivity of the benefit/cost i itio to variations
in those factors which are defined by uncertain or judc ental

parameters. These factors include the number of instrument operations
ducing a busy hour, the percentage of time that IFR weather prevails, the
value of time of aircraft passengers/occupants, the prob-bility of a
midair collision, the cost of a midair collision, the cost of a terrain
collision and the value of a statistical life. To get some indication of
the sensitivity of these factors on the benefit/cost ratio, sample
selected airports with Phase II benefit/cost ratios of 0.56 (ABY), 0.71
(GNV), 0.87 (HUT), 1.21 (LSE), 1.38 (EIM) and 1.50 (MWH)} were examined
with specific percentage increases and decreases in these variables.

Airport With B/C Ratio of-

0.56 0.71 0.87 1.21 1.38

Number of Instrument Operations During a Busy Hour

50% decrease 0.05 0.07 0.08 0.28 0.32
20% decrease 0.10 0,13 0.16 0.39 0.44
10% decrease 0.22 0.28 0.34 0.65 0.74
When computed or standard value used 0.56 0.71 0.87 1.21 1.38
10% increase 1,09 1.39 1.70 1.90 2.17
20% increase 1.66 2.10 2.58 2.46 2.80
50% increase 2,34 2.96 3.63 2.82 3.22

Percentage of Time that IFR Weather Prevails

50% decrease 0.30 0.38 .47 0.74 0.84
20% decrease 0.46 0.58 §.71 1.02 1.17
10% decrease 0.51 0.65 0.80 1l.12 1,27
When computed or standard value used 0.56 0.71 0.87 1.21 1.38
10% increase 0.61- 0,78 0,95 1.30 1.49
20% increase 0.66 0.84 1.03 1.40 1.59
50% increase 0.82 1.04 1.27 1.68 1.92
Value of Time of Aircraft Passengers/Occupants
50% decrease 0.48 0.61 0.75 1.03 1.18
20% decrease 0.53 0.68 0.83 11l.14 1.30
10% decrease 0.55 0.69 .85 1.17 1.34
When computed or standard value used 0.56 0.71 (.87 1.21 1.38
10% increase 0.57 0.73 0.89 1.25 1.42
20% increase 0.59° 0.75 0.92 11l.28 1.46
1.39 1.58

50% increase 0.64 0.81 0.99
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Probability of a Midair Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

Cost of a Midair Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

Cost of a Terrain Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

Value of a Statistical Life

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

0.56 0.71 0.87 1.21 1.38 1.50
0.55 0.70 0.86 1.14 1.30 1.41
0.56 0.71 0.87 1.17 1.34 1.46
0.56 0.71 0.87 1.20 1.37 1.49
0.56 0.71 0.87 1,21 1.38 1.50
0.56 0.71 0.87 1.22 1.39 1,51
0.56 0.71 0.87 1.25 1.42 1.54
0.56 0,71 0.87 1.28 1.46 1.59
0.55 0.70 0,86 1.14 1.30 1.41
0.56 0.71 0.87 1.17 1.34 1.46
0.5 0.71 0.87 1.20 1.37 1.49
0.5 0.71 0.87 1.21 1.38 1.50
0.56 0,71 0.87 1.22 1,39 1.51
0.5 0.71 0.87 1.25 1.42 1.54
6,56 0.71 0.87 1.28 1.46 1.59
0.55 0.69 0.85 1.15 1.31 1.43
0.55 0.70 0,86 1.19 1.35 1.47
0,56 0.71 0.87 1.20 1.37 1.49
0.5 0.71 0.87 1.2%. 1.38 1.50
0.56 0,71 0.87 1.22 1.39 1.51
0.57 0.72 0.88 1.23 1.41 1.53
0.57 0.73 0.89 1.27 1l.45 1,57
0,55 0.70 0.86 1.15% 1,31 1.43
0.56 0,71 0.87 1.19 1.35 1.47
0.56 0.71 0.87 1.20 1.37 1.49
.56 0.71 0.87 1.21 1.38 1.50
0.56 0,71 0.87 1.22 1.39 1.51
0.5 0.71 0,87 1.23 1.41 1.53
6.57 0.72 0.88 1.27 1.45 1.57

79




APPENDIX A - PREVIOUS ASR INVESTMENT CRITERIA

The previous investment criteria for ASR, as outlined in Airway Planning
Standard Number One (Reference 1) are reproduced below. Except for the
criteria for TRACAB establishment, TRACON establishment and TRACAB to
TRACON conversion, these criteria have been superceded by the revised
criteria outlined in Section II. The TRACAB establishment, TRACON
establishment and TRACAB to TRACON conversion criteria remain unchanged.

"AIRPORT SURVEILLANCE RADAR WITH AIR TRAFFIC CONTROL RADAR BEACON SYSTEM
AND BRIGHT DISPLAY SCOPE (ASR/ATCRBS/BDS)

a. Establishment. An FAA approach control tower which records a minimum
of 45,000 annual itinerant operations and 4,000 certificated route
air carrier operations and records 18,000 instrument operations at
the primary and secondary airports is a candidate for ASR/ATCRBS/BDS
if it satisfies any combination of the three parameters which equals
or ¢xceeds a linear sliding scale defined by the following limits:

(1) 45,000 annual itinerant operations, of which 10,000 are
certificated route air carrier operations, and 18,000 instrument
operations at the primary and secondary airports; or

(2) 105,000 annual itinerant operations, of which 4,060 are
certificated route air carrier operations, and 27,000 instrument
operations at the primary and secondary airports.

(3) Numbers of operations required for candidacy... may be
determined either by interpolating the sliding scale or by
satisfying both of the following equations:

N > 145,000 - 10AC
I2 33,000 - 1.5AC
Where N, AC, and I are the annual numbers of itinerant, air

carrier, and primary plus secondary instrument operations,
respectively.

b. Discontinuance. An ASR/ATCRBS/BDS at an FAA radar approach control
facility is a candidate for decommissioning if the facility records
less than 75 percent of the levels specified... above for at least
one parameter. In lieu of deriving these levels, discontinuance
candidates must satisfy at least one of the following five equations:

AC < 3,000
N < (108,750 - 10AC) for 3,000 < AC < 7,500
N < 33,750 for AC < 7,500
I< (24,750 - 1.5XC) for 3,000 < AC £ 7,500

I <13,500 for AC > 7,500
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Co

d.

Benefit/Cost Screening. ~3IR/ATCRBS/BDS ¢ . "ates identified...
above will be screened using the benefit v.:sus cost technique
described ip Report Number ASP-75-2. FAA Rejional Offices shall
submit data required for screening purposes at specified in the
annual Call for Estimates...

Improvements. Existing FAA approach control facilities equipped with
ASR/ATCRBS/BDS frequently require improvements. Such improvements
are normally made when there exists a reasonable relationship between
the operational benefits to be realized and the costs involved in
accordance with the following provisions:

(1) An PAA radar approach control facility recording 30,000 or more
annual instrument operations qualifies for those improvements
that satisfy an operational requirement and/or facilitate the
provision of terminal area radar service. This activity level
normally assures a cost per operation that is commensurate with
the benefit derived from the improvement.

(2) An FAA radar approach control facility recording between 20,000
and 29,000 annual instrument operations may be a candidate for
improvements. It qualifies for those improvements that satisfy
an operational requirement and/or facilitate the provision of
terminal area radar service provided the additional cost does
not result in a cost per operation that exceeds the benefit
derived from the improvement.

(3) An FAA radar approach control facility recording less than
20,000 annual instrument operations is not a candidate for
improvements. At that activity level, the additional cost per
operation resulting from the improvement is not commensurate
with the benefit derived. Any improvement to terminal radar
facilities in this category will be limited to the correction of
a critical situation and shall be justified by an individual
staff study.

NOTE: Improvements to FAA staffed RAPCON/RATCCS... may be
considered on an individual basis but the above criteria for FAA
civil facilities shall remain a major determinant in considering
them for improvement.

Remoted Radar Bright Display Scope. An FAA VFR control tower at an

alrport, which is a satellite of the primary airport of an FAA radar
approach control facility, is a candidate for a remote radar bright
display scope in the tower cab when:

(1) At least 35,000 annual itinerant operations are recorded; and

(2) The airport is located within 20 miles and within microwave link
range of an existing surveillance radar system.

(3) Operationally adequate low altitude radar coverage is asgured at
the satellite alrport.
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£, Terminal Radar Approach Control in Tower Cab.

1)

(2)

(3)

Estab;ishment. An initial ASR/ATCRBS/BDS installation shall be

a TRACAB facility consisting of appropriate displays placed in
the tower cab.

(a) If the otficial agency forecasts indicate an ASR/ATCRBS/BDS
candidate location will exceed 125,000 annual itinerant
operations or 60,000 annual instrument operations within 2

Coverage at these locations is expected to exist at or
below initial approach altitude.

(b) If an ASR/ATCRBS/BDS candidate location cannot physically
accommodate radar approach control in the tower cab, then

(c) wWhen the complexity of the facility operation warrants,
individual justification and consideration shall be given
to locating the ASR/ATCRBS/BDS in a TRACON rather than a

Discontinuance. a TRACAB will be discontinued when the
ASR/ATCRBS/BDS is decommissioned or when the radar approach
control function is transferred to a TRACON.

Conversion to TRACON. a TRACAB location is a TRACON candidate
when the facility has at least 125,000 annual itinerant

warrants, individual justification and consideration should be
given to relocating from a TRACAB to a TRACON."
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APPENDIX E-3

NORMATIVE DISTRIBUTION OF AIR TAXI, GENERAL AVIATION AND MILITARY AIRCRAFT
BY AIRCRAFT TYPE USED IN THE DEVELOPMENT OF MIDAIR COLLISION AVOIDANCE BENEFITS

Estimate of
Total Hours Percent

Flown-1978 Distribution
Air Taxi (Including Air Commuter)l/
Jet - 132,449 3.0
Tur boprop 550,288 12.5
Multi~engine piston 1,683,862 38.2
Single-engine piston 1,210,368 27.5
Rotorcraft 828,107 18.8
4,405,094 100.0
General Aviation (Excluding Air Taxi)l/
Jet | 1,061,797 3.1
Turboprop 1,055,995 3.0
Multi-engine piston 4,502,028 13.0
Sinéle-engine piston 26,646,920 76.9
Rotorcraft 1,399,544 4.0
| 34,666,284 100.0
Militariz/
Jet 2,843,000 58.8
Tur boprop 595,000 12.3
Piston 328,000 6.8
Rotorcraft 1,071,000 22,1
4,837,000 100.0

1/sourcé: Reference 19
Source: Reference 29




The AS

APPENDIX F - PROGRAM LOGIC OF ASR ESTABLISHMENT
AND DISCONTINUANCE CRITERIA

R}establishment and discontinuance criteria described in this report will be

integrated as a FORTRAN subroutine into the Terminal Area Forecast Data System.
This appendix provides a centralized algebraic description of the logic used to
compute the Phase I and II benefit/cost ratios (in Section VI), a description and

source of varjables and constants used in the subroutine, and appropriate default
values.
A, Phase I Ratio

ACEBE = ACPRIM]/(3,400 - (.0013 x PRIM)))*

ATEBE = ATPRIM;/(26,000 - (.0096 x PRIM;))#*

GAEBE = GAPRIM;/(53,300 - (.0196 x PRIM;))*

MLEBE = MLPRIM;}/(8,600 — (.0032 x PRIMj))*

ACSBE = ACITN}/107,400

ATSBE = ATITN;/539,600

GASBE = (GAITN; + GALCL})/847,200

MLSBE = (MLITN; + MLLCL))/376,200

*If the denominator for any user class results in a value equal to or less than

ze
ai
71

ro, disregard all denominators and use all of the following instead. For the
r carrier user class: 9,300 - (.0034 x PRIM); for the air taxi user class:
,200 - (.0262 x PRIM); for the general aviation user class: 146,000 - (.0538

x PRIM); and for the military user class: 23,400 - (.0086 x PRIM).

PHASE 1 = ACEBE + ATEBE + GAEBE + MLEBE + ACSBE + ATSBE + GASBE + MLSBE

If

If

In

PHASEI > 1.0, then location satisfies Phase I establishment criteria.
PHASEI <.35, then location satisfies Phase I discontinuance criteria,

cases where qualifying radar service is provided by the primary airport to

secondary airports, the Phase I ratio value shall be the sum of the airport
raqios:of the airports comprising the radar service area.

B. Phése 11 Benefit/Cost Ratio
I

1.

Compute Life-Cycle Benefits

15
DISBEN = Y (ANNBENy x 1/(1+d)y-0.5)
y=1

where DISBEN is the life-cycle benefits discounted over 15 years, 'y' is
each of 15 years of an ASR's estimated economic life, 'ANNBEN' is the
nondiscounted sum in year 'y' of benefits of IFR delay reduction, midair
collision avoidance and terrain collision avoidance, and 'd' is the
OMB-prescribed discount rate of ten percent, In cases where qualifying
radar service is provided by the primary airport to secondary airports,

the Phase II benefit/cost ratio shall be the sum of the airport ratios of
the airports comprising the radar service area.

a. IFR Delay Reduction Benefits

(1) Compute delay costs (aircraft variable operating costs and value
of passengers’/occupants' time) of aircraft mix during an busy
IFR hour:

95
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